Introduction
Maximowicz's lily (Lilium leichtlinii var. maximowiczii Baker) belongs to the genus Lilium of the family Liliaceae, and its bulbs have been traditionally consumed in Asia. Edible lily bulb (LB) contains dietary fibers, flavonoids, and saponins and is also rich in nutrients such as starch and protein (1) (2) (3) (4) (5) . Of particular note is that LB has been reported to contain approximately 20% high-molecular weight (230 kDa) glucomannan per dry weight (1) . We have recently observed that dietary LB considerably increased the levels of colonic immunoglobulin A, mucin (indices of intestinal immune and barrier functions), cecal organic acids such as lactate, propionate, and butyrate, and the ratios of Lactobacillales and Bifidobacterium in high-fat (HF) diet-fed rats (6) , suggesting that LB is beneficial for colon health.
There is accumulating evidence to support the notion that intestinal microbiota play a significant role in the maintenance of health (7) (8) (9) . It has been reported that an HF diet induces obesity and is associated with the modulation of the composition of gut microbiota (10) . An HF diet is said to reduce fecal Bacteroidetes, increase the Firmicutes, and modify the relative proportion of Firmicutes to Bacteroidetes (11) . Studies (11, 12) have shown a higher ratio of Firmicutes and reduction in the ratio of Bacteroidetes in overweight and obese animals than among lean animals. Our previous study demonstrated that the consumption of LB, in addition to the beneficial effect on colon health, reduces adipose tissue weight in rats fed an HF diet (6) .
In the present study, we assessed the effect of dietary LB on the fecal ratio of Firmicutes to Bacteroidetes phyla in rats fed an HF diet.
Materials and Methods
Preparation of the LB LBs were purchased from JA Youtei (Hokkaido, Japan). The cloves of raw (R) LB were peeled and freeze dried. In experiment 1, this lyophilized sample was powdered. Steamed (S) LB powder was prepared as follows: the LB cloves were peeled and steamed for 25 min using an electric steamer (T-fal Simply Smart; Groupe SEB Japan Co., Ltd., Tokyo, Japan). The steamed sample was powdered after being freeze dried. In experiment 2, RLB powder was extracted using 70% ethanol. The supernatant of ethanol extract was concentrated and freeze dried. The extract residue was also dried. The composition of the LB and ethanol extract residue powders is shown in Table 1 .
Animals and diets Four-week-old male Sprague Dawley rats were purchased from Japan SLC Inc. (Hamamatsu, Japan) and maintained according to the "Guide for the Care and Use of Laboratory Animals" established by Fuji Women's University and approved by the ethics committee of the same university. The rats were individually housed in an air-conditioned room at 23-24 o C and 50-60% relative humidity with 12/12 h light/dark cycle (light, 08:00-20:00 h). The rats were acclimated by feeding a nonpurified commercial rodent powder diet (CE-2; CLEA Japan Inc., Tokyo, Japan) for 6 days before commencing the experimental diet. Composition of the basal diet was as follows: 30% beef tallow, 20% casein, 0.3% L-cystine, 5% cellulose, 30% sucrose, 1% vitamin mixture (13), 3.5% salt mixture (12) , and 10.2 % corn starch. In experiment 1, after acclimatization, the rats were divided into three groups of eight rats each and assigned to an HF (30%, w/w) diet, with or without 7% RLB or SLB powder. In experiment 2, after acclimatization, the rats were divided into four groups of eight rats each and assigned to an HF (30%, w/w) diet with or without 7% RLB, 0.9% ethanol extract of RLB, or 6.1% ethanol extract residue of LB. The levels of dietary carbohydrate, protein, fat, minerals, and fibers in the LB diets were adjusted by reducing the amount of dietary corn starch, casein, beef tallow, and cellulose. To prevent differences in food intake, equal amounts of the experimental diets were provided daily in food cups at 19:00 (9 g for day 1, 10 g for days 2-4, 12 g for days 5-7, 14 g for days 8-13, and 15 g for days 14-21) (14) . The entire amount of food provided was consumed each day before the next day's food was provided. The weight of spilled diet was recorded daily and included in the calculation of food intake. Feces were collected for 3 days at the end of weeks 1, 2, and 3. The feces were stored at −20 o C and then freeze dried and milled. At the end of the feeding period, the rats were anesthetized using sodium pentobarbital and then killed by exsanguination through the abdominal aorta. The cecum and colon were removed, weighed, frozen immediately with liquid nitrogen, and stored at −80
Measurements Bacterial genomic DNA was isolated from the feces using the QIAamp DNA Stool Mini Kit (Quiagen, Venlo, the Netherlands). Phylum-level analysis was performed on Bacteroidetes, Firmicutes, and all bacteria combined using a slight modification of the method described by Guo et al. (15) . Total DNA was diluted 100-fold to reduce polymerase chain reaction (PCR) inhibition. The relative ratio of Bacteroidetes and Firmicutes to all bacteria was quantified based on the amplification of genomic DNA coding 16S ribosomal RNA (rRNA) using real-time quantitative PCR (qPCR) with a Light Cycler 480 System II (Roche Applied Science, Penzberg, Germany) and group-specific primers (14) . For the analysis of Firmicutes, the primers Firm934F (5'-GGAGYATGTGGTTTAATTCGAAGCA-3') and Firm1060R (5'-AGCTGACGACAACCATGCAC-3') were used. For the analysis of Bacteroidetes, we used the primers Bact934F (5'-GGARCATGTGG TTTAATTCGATGAT-3') and Bact1060R (5'-AGCTGACGACAACCATGC AG-3'). For the analysis of all bacteria, forward (5'-ACTCCTACGGGAGG CAGCAGT-3') and reverse (5'-GTATTACCGCGGCTGCTGGCAC-3') primers were used. Real-time qPCR was performed in a reaction volume of 20 µL containing 10 µL SYBR Premix Ex Taq II (Takara Bio Inc., Shiga, Japan), 300 nM each of the forward and reverse primers, and
Statistical analyses Data were expressed as means±SEM. For data that followed normal distribution, we used one-way analysis of variance (ANOVA). Data that did not follow the normal distribution were analyzed using the nonparametric Kruskal-Wallis one-way ANOVA. The Tukey post hoc test was performed when a significant effect was detected using one-way ANOVA. The Steel-Dwass post hoc test was performed when a significant effect was detected using the Kruskal-Wallis one-way ANOVA. Data analysis was performed using the Excel statistics 2012 software for Windows (Social Survey Research Information Co., Ltd., Tokyo, Japan). P values (<0.05) were considered statistically significant.
Results and Discussion
In experiment 1, mean final body weights of the control group, RLB group, and SLB group were 263±3, 259±2, and 258±6 g, respectively. The body weight and food intake (data not shown) did not differ among the three groups of rats. Cecal weight was significantly increased by the RLB and SLB diets (data not shown). Because LB is usually consumed after heating, we examined whether SLB as well as RLB could affect fecal microflora in rats fed an HF diet. Fecal ratio of Firmicutes was significantly reduced in the RLB group compared with the control group in weeks 1 and 2 (p<0.05, Table 2 ), and a similar trend was observed in the SLB group. These decreasing effects of dietary RLB and SLB on fecal Firmicutes were most evident in week 3 (p<0.05). Fecal ratio of Bacteroidetes was significantly increased by SLB intake in weeks 1 and 2 (p<0.05) and a similar result was observed in the RLB group. In week 3, these increasing effects of dietary LB on fecal Bacteroidetes were most evident (p<0.05). Fecal relative proportion of Firmicutes to Bacteroidetes is an indicator of Duplicate analysis by The Foundation of Japan Food Research Laboratory (Chitose, Japan).
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100 g-(protein+fat+dietary fibers+ash+water).
3)
Kjeldahl method.
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Soxhlet method.
5)
Enzyme-gravimetric-HPLC method (AOAC, Method 2001.03)
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Direct incineration method major changes in microflora constitution and is known to increase based on HF diet and obesity (12) . It has been reported that obese leptin-deficient (ob/ob) mice, which are efficient at harvesting energy from food, showed a 50% reduction in the Bacteroidetes and an increase in Firmicutes (11) . In this study, the fecal ratio of Firmicutes to Bacteroidetes in HF-fed rats was significantly reduced by RLB and SLB diets in week 3 (p<0.05). In addition, we have previously demonstrated that the consumption of LB suppressed the accumulation of fat tissue in rats fed an HF diet (6) . Further study is necessary to examine the association between the modulating effect of LB on gut microflora and the attenuation of fat accumulation. We previously found that the consumption of LB elevated the cecal ratio of Lactobacillales in rats fed an HF diet (6) . Lactobacillales belong to the Firmicutes phylum, and several Lactobacillus species are reported to be effective in improving lipid metabolism (16) . Therefore, these studies raise a question of whether the reduced fecal Firmicutes by dietary LB is associated with a decrease in other bacteria, except for Lactobacillales. Metagenomics methods should be used in the future to examine the composition of Firmicutes in detail.
In experiment 2, final body weight and food intake did not differ among the four groups of rats (Table 3) . Fecal Firmicutes did not differ among the groups. The fecal Bacteroidetes ratio was significantly elevated in the LB groups but not in the ethanol extract or the ethanol extract residue of LB group. Relative proportion of Firmicutes to Bacteroidetes in feces was significantly lower in the LB group than in the control group (p<0.05), although this proportion was not significantly affected by the ethanol extract or ethanol extract residue of LB. The powdered ethanol extract of LB contains mainly flavonoids and saponin (2, 5) and the residue contains high amounts of glucomannan. Prebiotic fibers are known to alter Firmicutes and Bacteroidetes in obese mice (17) . Therefore, we can speculate that the effect of LB on the fecal Firmicutes/Bacteroidetes ratio is mainly because of the multiple effects of the ethanol extract and the residue fractions, not because of a single integrant.
In conclusion, this study provides first evidence that dietary LB, as a whole food, may modulate colonic microflora in rats fed an HF diet, regardless of heat treatment. Further study is in progress to investigate the effect of a practical level of dietary LB on gut microflora in rats fed an HF diet for a longer period. Values are means±SEM (n=8). Means in a row with superscript without a common letter differ, p<0.05 (Tukey-Kramer post-hoc test or Steel-Dwass test).
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RLB, raw lily bulb; SLB, steamed lily bulb. Table 3 . Effects of dietary 7% RLB powder, 0.9% the ethanol extracts, and 6.1% the ethanol extracts residue of RLB on body weight, food intake, and the profile of fecal microflora in rats fed an HF diet for 3 weeks (Experiment 2)
Control RLB
3)
Ethanol extract of RLB Ethanol extract residue of RLB Final body wt (g) 260±2 Values are means±SEM (n=8).
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Means in a row with superscript without a common letter differ, p<0.05 (Tukey-Kramer post-hoc test or Steel-Dwass test).
3)
RLB, raw lily bulb.
